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I. INTRODUCTION

AW Purggse

The Space Flight Operations Memorandum summarizes, on the basis of the
information available at this time, the following:

1) Performance of the space flight operations complex,

2)  Performance of the various tracking facilities involved, .~
3) Analysis of the telemetry data received,

4)  Performance of the spacecraft., ~

5) Orbital data.

Be Summagz

The space flight operation for Ranger 4 began at approximately 1700,
23 April 1962 GMT when caommunications were established between the Space Flight
Nperations Center, Pasadena, the Deep Space Instrumentation Facility (DSIF), and
the Atlantic Missile Range (AMR), Liftoff of the launch vehicle occurred at
205015,04, 23 April 1962 GMT, and injection of the spacecraft into a Moon inter-
cept trajectory occurred at 210uly,6 GMT,

The AMR tracking stations and the Launch Checkout Telemetry Trailer
(LCTT) tracked the spacecraft after liftoff and received good data., The first
DSIF station to acquire Ranger IV was DSIF 1, the Mobile Tracking Station CITS).
From the spacecraft signal and subcarriers they acquired, it was apparent that
the spacecral{t data encoder commutator had stopped, The DSIF tracked the space-
craft transponder signal until the batteries supplying power to the transponder
were exhausted at 10 hours 32 minutes after launch, The DSIF then tracked the
Capsule signal until the spacecraft passed behind the Moon., lunar impact occurred
aprroximately 64 hours after launch,

The only telemetry information recovered from the Ranger IV mission
was received by the AMR tracking network and by the LCTT, The failure in the
spacecraft precluded the recovery of any scientific data,

During the period that the ICTT was tracking the spacecraft, no abnor-
mnalities were observed and telemetry data indicated that the spacecraft was oper-
ating normally. When DSIF 1 acquired the spacecraft transponder signal at about
L + 25 minutes, it was apparent that a failure had occurred in or had affected
the Central Computer and Sequencer, Later in the mission, attempts were made to
transmit commands to the spacecraft for troubleshooting purposes., Since these
attempts met with no success, it was not possible to initiate the midcourse and
terminal maneuvers,

Seven orbits were computed during the Ranger IV space flight operation.
These orbit computations were used to provide pointing information for the DNSIF
and for impact prediction,

S
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Panger IV impacted the far side of the Moon at 124930, 26 April
1962 T, The Capsule signal was lost two minutes earlier as the spacecraft
went behind the Moon. Space flight operations were continued to confirm that
the spacecraft did not reappear fram behind the Moon. With no signal having
been detected, these operations were discontinued at 1330, 26 April 1962 GMT,

II. SPACE TLIGHT OPERATIONS COMPLEX

The space flight operations complex completed all required operations with
no difficulty., All orbit computations were completed approximately on time with
one exception, the first orbit computation. This orbit was intended to provide
pointing data for the DSIF; however, DSIF 1 acquired the spacecraft before
receiving preliminary orbit predictions,

The inability to cammand the spacecraft changed the planned methods of
formulating cammands, FEighteen cammands were sent in an attempt to obtain a
response from the spacecraft, Since the situation did not require that these
cammands be transmitted in accordance with normal procedures, they were trans-
mitted from the Space Flight Operations Center to DSIF Control by voice, The

spacecraft did not respond to any of the cammands. The Command Log for Ranger IV
is shown in Table I,

Because of the failure of spacecraft camnunication, the mode of operation
of the Spacecraft Data Analysis Team (SDAT) was changed. The planned mode had
been to monitor large quantities of data from the spacecraft. Instead, the SDAT
had to attempt to identify the spacecraft failure using the small amount of data
acquired prior to injection,
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Table I, Coammand Log

24 April 1962 GMT
GMT
Command Transmitted Verified Remarks
RTC-0 015220 015302
RTC-0 015323 015402
SC-1 015700 015742 No blips - DSIF 1 saw no change
in B=20,
B-2-2 blip reported at 020209,.*
B-2-1 blip reported at 020221.%
RTC-0 | 021150 021228
RPTC-0 021249 021327
5C-1 021500 021540 No blips seen,
1st PTC-5 022200 022240 No changes seen in Channels 2 and 8,
2nd RTC-5 022700 022740 Ch. 22596, Ch, 823122, Ch, 12399,
3rd RTC-5 023300 Out of lock - did not gét in,
Yth RTC-5 024300 | 024340 No change.,
S5th RTC-5 024800 024840 Ko change,
RTC-0 031500 031510
PTC-3 031601 OBlBuO No change.
RTC-0 050510 050550
FTC-0 050611 050650
RTC=3 051200 05123¢ No change,
RTC-0 055000 055040
RPTC-2 055200 055240 No change.

Pu
£

‘Jere found to be false indications,
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11X, TRACKING TACILITIES
A, General

The facilities tracking Tanger IV were AMR, the LCTT, and DSIF
Crations 1, 2, 3, 4, an! 5. In addition, several other agencies attempted to
clbitain opticzal tracks of Fanger IV vhile the spacecraft was in the vicinity of
the Moon,

AR was assigned the responsibility of providing JPL with 1) orbital
elements of the parking and transfer orbits; 2) acquisition information for
PO 1 (MTS), DSIT U (loomerd), and DSIF 5 (Johannesburg); and 3) the raw data
that would be used bw 771 to provide a backup to the computation of the transfer
crtit, AP instrunentaticon performed satisfactorily with all stations (except
Merte Fico) acquiring the spacecraft normally,

B,  Liftoff to Injection

1, AMR Participation in Tracking Ranger IV

a, Uprange (Antigua) Stations

food data was received from the uprange tracking stations
with the exception of Puerto Rico, A network failure caused
the data loss at Puerto Rico, Figure 1 shows the AMR track-
ing network C-band coverage of the Ranger IV mission. The
data from the Twin Falls Victory Ship (TFV) was sent to JPL
in rear-real time and was used to supply quick-look angles
for DSIF 4 and 5. AMP had some difficulty in processing the
TFV data and; for this reason, the first orbit computation
was performed by JPL,

b Downrange (Ascension) Stations

. In general, the data received fram Ascension was good.
Ascension radar acquired the Agena C-band beacon at L + 1218
seconds, continuing to track (with a 65~-second interruption)
until the Agena set below the horizon at L + 3355 seconds -
(see Figure 1), The data from Ascension, sent to JPL in
real time, went through six recycles to remove range ambigui-
ties, This data was used to determine the Agena orbit and
confirmed that the Agena would miss the Moon. The DSIF.ca'-
culated values of residuals showed that the range determined
fran the Ascension data was off + 5,5 km and the elevation
was high by 0,u45°, AMP is investigating tre ncesible causcc
of these ambigulties,
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c. Analysis of TFV Data

The TIV acquired full autamatic track at L + 780,55 seconds
The range, at the time of acquisition, was 703 nautical mi
and the azimuth angle was 288° u8,2', Minimum tracking r
from TIV was 182 nautical miles, with a maximum antenna ele
vation of 43° 1,3', The TFV lost signal at L + 1080,55 sec
onds at a range of 993 nautical miles,

An orbit was fitted to all data from the TFV and the result-

ing root-mean-square fit data (observed minus best fit, no
mean or systematic errors subtracted) are given in Table II,

Table IT, ®MS Fit for Twin Talls Victory Ship Data

Pange Azimuth [levation
(km) (dJegrees) (degrees)
0.,00830 0,019 0,0194

Orbits derived from data supplied by the DSIF, AMR's
Ascension Station, and the TFV are given in Table III,

2., JPL Participation in Tracking Panger IV

A, LCTT Station

The ICTT acquired the spacecraft transponder signal at

launch and lost lock at L, + 460 seconds. At the time of

loss of lock, the signal strength of the spacecraft trans-
ponder was -135 dbm, LCTT data indicated that the space-
craft was functioning normally. Between the time of
electrical separation of Agena and Ranger IV (I, + 16 minutes
33,2 seconds) and acquisition by DSIF 1, a malfunction within
the spacecraft resulted in the loss of Channel 1, the sync
pulses on Channel B-19, and comnutation on Channels 2, 3, U,
5, and 6.

5
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C. Postinjection

1s

General

The DSIT was intended to provide several spacecraft cammunicaticon
capabilities during the Ranger IV mission. All DSIF stations

had the capability of recording, on magnetic tape, telemetered
information from the spacecraft, DSIT 3 and 5 also had equipment
for encoding selected data, comprising telemetry measurements,

into a teletype format for transmission back to JPL for near-real
time analysis, All stations could provide tracking data consist-
ing of time-labeled pointing angles and doppler frequency. Trans-
mitters at DSIT 1, 3, and 5 would allow more accurate tracking data
to be obtained when these stations were able to interrogate the
spacecraft transponder., The transmitter at DSIF 3 could also
allow desired spacecraft actions to be camanded fram the ground,
The receiver at DSIT 2 was equipped with a Maser amplifier and a
Cassegrain reflection system, This equipment provided this station
with the most sensitive listening system in the DSIF net and was
intended for use during the Capsule retromaneuver. Hecause the
spacecraft failure severely limiter the planned operations, no
data were obtained fram any cf the experiments and no information
on how the spacecraft responded to pround camands cculd he ob-
tained,

Launch Phase

DSIT 1 acquired the spacecraft at approximately nine minutes after
injection without difficulty (see Table IV), The DSIF net tracked
the Ranger IV spacecraft continuously from DEIF 1 acquisition until
approximately one minute before lunar impact. Initial detection
of the spacecraft transponder signal was made by DSIF 1 at 211312,
23 April 1962 GMT, DSIF 5 first detected the signal at 211422 QT
the same day, By 211706 GMT, both DSIF 1 and 5 were tracking in
the one-way doppler mode, At 212918 GMT, the MTS had accomplished
two-way acquisition, As soon as successful lock had been estab-
lished, it became apparent that a spacecraft failure had occurred.
Except for Channel 1 (the spacecraft frequency reference channel),
all telemetrv channels were in lock but no telemetry cammutation
was occurring, The received signal level was varying considerably.
DSIF 1 reported that the signal level at 213428, 23 April 1962 GMT
was =125 dbm with an 18 «b variation occurring between 213330 GMT
and 213510 GMT, DSIF S reported at 2205 GMT that the received
signal strength was «104 dim with a variation, in a four-minute
period, of 14 db,

llo particular difficulty was experienced in tracking during this
initial phase, DSIF 4 successfully acquirerd the transponder sig-
nal at 2223, 23 April 1962 fMT, and tracked the spacecraft until
0006, 24 April 1862 GMT. TFor 20 minutes Auring the early portion
of irs tracking period, DSIF u tracked the Capsule signal, As in
the case of the transponder signal, the Capsule signal was also
varying., At 221530, 23 April 1962 GMT, the received Capsule

(8]
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Table IV, DSIF View Pericds

ACQUISITION LOSS

DSIF (GMT) @My

1 23/2113 24/0719

5 23/2114 2L/0843

L 23/2223 2470006

2 24/0832 24/1703

3 2&/090”(:) 24/1705

4 24/1352 25/0159

5 2472122 25/0925

2 25/08u47 25/1730(:>
b 25/1423 26/0213

5 25/2140 26/0932

2 2670846 26/12&8(:>
3 26/0833 26/12u8<:>

HOTES <:> Initial search for the transponder signal was unsuccess-

ful. No signal present,
<:> Searched for the transponder signal until 25/17u48,

(:> Searched for the transponder signal until approximately
1330 GMT., No signal present,
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signal strength was ~152 dtm with a -5 &b variation occurrlng
every 20 seconds, Approx1mately every 4 1/2 minutes, a vari-
ation would occur causing the signal level to drop below the
receiver threshold.

At 2305, 23 April 1962 GMT, the DSIF 5 transmitter was turned on
and successfully acquired the spacecraft transponder in a two-
way lock after the DSIT 1 transmitter had turnecd off, DSIF §
tracked in this mode until 2336, 23 April 1962 GMT when its
transmitter was turned off, DSIF 1 then reacquired and estab-
lished two-way lock. Tracking continued in this manner until
000754, 24 April 1962 GMT when DSIF 5 turned on their transmitter
and again acquired the spacecraft in a two-way lock, This track-
ing moce was maintained until 0721, 24 April 1962 GMT when the
spacecraft transponder power failed, This was the first oper-

ational use of the Johannesburg transmitter, and two-way doppler
data were obtained,

Midcourse to Terminal MManeuver Phase

fecause of the absence of clock pulses to the spacecraft cammand
decodery it was not possible to perform a midcourse maneuver,

During the time after 000754, 24 April 1962 AT, when DSIT 5 was
in two~way lock, various cammands were transmitted to the space-

-craft, Attempts were made to advance the spacecraft telemetry

node, to switch the transponder signal from the omniantenna to

the high-gain antenna, to change the high-pain antenna hinge angle,
and to override the spacecraft roll control system. Yone of these
camearnds was successful (see Table 1),

At approximately 0720, 24 April 1962 GMT, the spacecraft trans-
ponder signal went to zero due to battery exhaustion, After this
time, DSIF 1 continued searching for the transponder signal and
DEIF 5 began searching for the Capsule signal, The DSIF 1 search
was unsuccessful and at 0835, 24 April 1962 GMT the station was
secured, DSIF § acquired the Capsule signal at 081430 GMT the
same day and tracked it, with intermittent out-cf-lock periods,
until 084320, 24 April 1962 GIT when the spacecraft set below
their horizon.

Terminal Phase

A terminal maneuver was not attempted becsuse »f inadility to
establish coamunication with the spacecraft,

After the disappearance of the transponder sigral, the DSIF
continued to track the Capsule signal. Searches for the trans-
ponder signal were conducted at least once during each station's
visibility pericd but no signal was detected, The Carsule signal
level gradually decreased and the variaticn ir level was sufficilent
to cause intermittent loss of receiver lock.
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5, Post-Terminal Phase

Lunar impact was predicted for approximately 1250, 26 April

1362 @MT, During this final period, both DSIF 2 and 3 were
tracking the Capsule signal, The signal level was varying at
hoth stations, and receiver lock was being lost every four to
five minutes, Capsule signals were finally lost by DSIF 3 at
124747, 26 April 1962 GMT and by DSIF 2 at 12u754, 26 April

1962 GMT, This loss of signal occurred as the spacecraft dis-
appeared behind the Moon. DSIF 2 and 3 continued to listen for
Capsule signals until 1350, 26 April 1962 GMT. Mo signals were
detected, thereby verifying that the spacecraft impacted the Moon,

IV, TELIMITPY RECOVERY
A, General

Very little spacecraft telemetry was recovered during the Ranger IV
mission because of the failure affecting the CCES. The only recovery was of
Jata recorded by the LCTT from liftoff until the spacecraft set over the horizon,
an’! of spacecraft data recorded prior to electrical disconnect through the Agena
telemetry system,

b,  Engineering

All Panger IV telemetry transmission having stopped prior to DSIF 1
acquisition of the spacecraft, no engineering data were recovered beyond that
time,

C, Scientific
Yo scientific telemetry was received from the Ranger IV mission,
Vi SPACECFAFT PIRFORMAMNCE
A,  General

The performance of Panger IV can be divided into three phases: launch,
micdecoursey and terminal. The launch phase was initiated by starting the launch
counter in the spacecraft CCES two minutes before liftoff, It was 3just after
iniec*ion, when DSIF 1 acquired the spacecraft transporndler signal, that it first
becane apparent that the data encoder comnutator was not running. Subsequent
attempts to transnit cammands to the spacecraft for troubleshooting purpeses
met with ne success,

By Lawunch Fhase

#hile the LCTT was tracking the spacecraft, no abnormalities were
et an! telemetry data indicated that the spacecraft was coperating rormally.
D otracking stations also received telemetry data from the spacecraft,

3

fomnd
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“hen DCIF Y accuired the spacecraft transpender signal and the eith-
carriers at -about [+ 25 rdnutes, the data encoder commutator was net running
and there arpeared to be no N0 crs signal on Channel! 1., Since rn~ blips vere
orservesi on (hanrel =2 ¢t the time vhen the solar nanels were to he extendeo!
ncr at any of the tirmes vhen subseguent CCES cormands were to be given, it was
concluded that the CCES was net functioning, At 1. + 234 mirutes, Channel 1
locked on a 40C cps tone, Teriodic variations in the received signal strength
indicated that acguisition of the Sun had not been accomplished,

The DSIF continued to track the spacecraft transponder signal through-
out the launch phase and until L + 10 hours 32 minutes at which time no signal
from the transponder could be detected. Since the anticipated life of the
transponder battery was about nine hours, it was concluded that the loss of
signal was due to bLattery power depletion,

Plots of received signal strength have been made for ten bours of
transponder tracking at DSIF 1 and for one hour at NDSIF 4. The peak levels
closely match the values predicted for the transponder transmitting in the
high-power mode, indicating that the "power up" comand was given. Unfortu-
nately, no valid computer plots of DSIF 5 signal strength are available to
help corroborate this conclusion,

C, Midcourse Phase '

On 24 May 1962 GMT, 18 comands were sent to the Ranger IV in an
attempt to obtain scme response from the spacecraft, 2 list of the cammands
and the times at which they were sent is shown in Table I, The spacecraft
did not respond to any of the camands. Therefore, the midcourse maneuver
and the scientific experiments planned for Fanger IV were not attempted.

D. Terminal Phase

The Centre! Conputer and Sequencer failure rrevented the performance
of e terminal mareuver, lowever, the Panger IV Capsule sipral was tracked unti)
o - , * g
the spacecralt passed behind the loon,

VI, ESTIMATION OF THE ORBIT

Seven orbits were camputed during the Panger IV space flight operation.
The first computed orbit was used to provide early pointing information for the
DSIT stations. The next five computed orbits were used primarily for determin-
ing accurate target parameters for impact prediction. A seventh orbit was
camputed, aprroximately 24 hours after injection, to remove the bias angles
and cobtain the final impact prediction,

If a midecourse maneuver had been camanded over DSIF 5, it would have been
based on Orbit 3; had the maneuver been camanded over DSIF 3, it would have
been based on Orlit 4 or Orbit § in accordance with the Space Flight (perations
Plan, Ranger b, LiD-74, Prrors due to the ertit determination rrocess alore
woulsd have teen of the order of ) i oat dmract, well within the reonired
acodracy but sti11 canabde of further imrrovement as the rrocess is refined,
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The postinjection orbit was determined using tie JPL Orbit Determination
' The orbital parameters and the trajectory characteristics of
these orbits are tabulated in Table V for selected trajectory epochs,

Program (ODP).

The legend applying to Table V follows:

Vernal equinox cartesian coordinates in a geocentric equa-
torial system, The origin is the center of thaz Central
Body., The principal direction (X) is the vernal equinox
cirection of date and the principal plane (XY) is the
equatorial plane of date., 7 is along the direction of the
Farth's spin axis of date (Kilameters),

First time derivatives of X, Y, and Z, respectively, i,e.,
cartesian camponents of the probe space-fixed velocity
vector (Kilameters/Second).

For Earth as Central Body

For Moon as Central

Probe radius diste: e (Kilameters),

Probe geocentric latitude (Degrees),

Probe east longitude "Degrees).,

Probe Earth-fixed velority (Kilameters/Second),

Pitch angle of the probe Farth-fixed velocity vector with
respect to the local horizontal (Degrees),

Azimuth angle of the prche Earth-fixed velocity vector
measured east of true nc~vh (Degrees).

Body

Probe radius distance (Kilameters),

Probe selenccentric latitude (Degrees),

Probe selenccentric east lon~itude (Degrees).

Probe selenccentric-fixed velocity (Kilometers/Second).

Pitch angle of the probe selenocentric-fixed velocity
vector with respect to the local horizontal (Degrees),

Azimuth Angle of the prolx se’enccentric-fixed velocity
vector measured east of tte Moon's mean spin axis (Degrees),

13
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a Semi-major axis (Kilometers),
e Lecentricity,
i Inclination of the orbit plene to the equatorial

‘plane (Degrees),

0 Longitude of the ascending node (Degrees),
W Argument of pericenter (Degrees),
v True anamaly (Degrees),

Period is measured in seconds, apogee anc perigee
in kilometers,

1y
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